The Loess Plateau is one of the most erodible areas in the world, and numerous conservation measures have been implemented to control severe soil erosion. Better understanding of the changes in runoff and their influencing factors is required. A vector autoregression (VAR) model was used to simulate the dynamic relationship between runoff and six factors (precipitation, terraces, afforestation, grassing, check dams' construction, and grazing fencing) based on precipitation, runoff, and controlling measures of the Tuwei River basin in the middle reaches of the Yellow River during 1959-2012. Results showed that response of runoff usually lagged behind precipitation and the implementation of soil and water conservation measures. The annual runoff has no response to the increase of each measure area at the first year, but has varying degrees of response from the second year onward. Moreover, the same measure has different effects on runoff in different periods. The contribution of the factors that affect the annual runoff varied in the order of grazing fencing hillside < grassing < check dams' construction field < afforestation < precipitation < terraces. In the long term, the contribution of soil and water conservation measures would be greater than 70% in the fluctuation of annual runoff.
INTRODUCTION
The Loess Plateau region, covering an area of 620,000 km 2 in the middle reaches of the Yellow River, is one of the most erodible areas in the world (He et al. ) . To control severe soil erosion, numerous conservation measures have been implemented in the Loess Plateau since the 1950s.
The soil conservation measures mainly include constructing dams in the main gullies, planting trees and growing pasturelands on steep slopes (>30%), and building terraces on medium slopes (15% to 30%) (Liu et al. ) . Although these measures have reduced soil erosion, they have also resulted in noticeable reduction in streamflow (Gao et al. human activities (Kahya & Therefore, a new statistical method that evaluates the dynamic impact of each soil and water conservation measure and precipitation on runoff change is urgently needed.
The vector autoregression (VAR) model is a widely used econometrics technique for multivariate times series modeling. The VAR model was put forward by Sims () to analyze the mutual influence relationship between macroeconomic variables; it is a generalized reduced form that helps to detect the statistical relationship among the variables in the system. VAR has some very attractive features and has proven to be a valuable tool for analyzing To date, no research has addressed the question as to whether the VAR model can be used to quantitatively analyze the relationship between precipitation, soil and water conservation measures, and runoff. The objectives of the present study therefore are: (1) to apply the VAR model in analyzing the response of runoff variation to annual precipitation and soil and water conservation measures; and (2) to reveal the long-term effects of soil conservation measures on runoff change using the Tuwei River basin as an example. The study will strengthen the understanding of the effects of soil and water conservation measures on hydrological regime shifts.
MATERIAL AND METHODS

Study area
The Tuwei River basin is located in northwest China at The dataset covers some general characteristics of the Tuwei River basin, as well as terraced-field, afforestation, grassing, check dams' construction, and grazing fencing.
In order to eliminate the heteroscedasticity of variables, the data are standardized due to different dimensions of variables and large differences in values; the z-score standardization method is as follows:
where V 
where c is a (n × 1) vector of constants; α j is a (n × n) matrix of autoregressive coefficient for the lag order; and ρ t is a (n × 1) vector generalization of white noise: E(ρ t ) ¼ 0.
Selection of lag length for VAR model
Most VAR models are estimated using symmetric lags, i.e., the same lag length is used for all variables in all equations of the model. The lag length is frequently selected using criteria such as the Akaike information criterion (AIC). These information criteria are statistical model fit measures (Gao ). They quantify the relative goodness of fit of various previously derived statistical models, given a sample of data.
Impulse response functions (IRF)
As the VAR model is a non-theoretical model, the relation- variables from a variable. A VAR can be modeled as a triangular moving average process, which can be written in vector form as Equation (5). Thus,
where the row i column j element of φ s identifies the consequences of a one-unit increase in the jth variable's innovation at time t(ε ij ) for the value of the ith variable at time t þ s (x i,tþs ), holding all other innovations at all times constant. It is common to draw bootstrapped confidence intervals around IRF.
Variance decomposition
If the innovation that actually drives the system can be identified, a further tool used to interpret the VAR model is variance decomposition. To examine the shortrun dynamic interactions between the variables, variance decomposition is used. Variance decomposition is a term used to describe a relativity effect, and it gives an account of how much of a forecast error variance can be attributed to each impact factor on the VAR system. 
RESULTS AND ANALYSIS
Temporal trend of annual runoff, precipitation, and soil and water conservation (TWZGL), check dams' construction (TWZDF), and grazing fencing (TWZPL) at the end of each year.
Test of stationarity
The first step in VAR modeling is to examine whether the time series under consideration are stationary. 
Selection of lag length for VAR
An important issue of the VAR model is the determination of lag length. If the lag length is too short, it cannot fully reflect the dynamic relationship between variables, while a too long lag length can reduce the degree of freedom and affect the validity of the model parameters estimated. Table 3 shows the results of different information criteria, LR, FPE, AIC, SC, and HQ, applied to VAR models of all the time series. It can be found that the optimal lag value is 3 in the case of LR, FPE, and AIC, while the optimal lag is phase 1 in the case of SC and HQ at 5% significance level. Considering the AIC criterion tends to choose large lag values (Paulsen ) , it is therefore evident that the maximum lag among the recommended lag values by the information criterion is 3. Note: The asterisks represent the statistical significance at 5% levels, respectively.
VAR estimation
As an illustration, the VAR model equation for runoff obtained through the E-views software can be written as:
[ In this equation, only those coefficients have been retained for which t-statistics were found to be significant at the 0.05 level of significance.
Effect of soil and water conservation measures and precipitation on runoff change The response of runoff to shocks in grassing is shown in Figure 4 (d). The increase of grassing in the current year has a negative effect on annual runoff which was first slightly increased, then decreased, and finally approached zero.
The total effect of grassing on annual runoff was gradually decreased. Note: The asterisks represent the statistical significance at 5% levels, respectively.
The response of annual runoff to shocks in check dams' construction is shown in Figure 4 (f). The increase of check dams' construction in the current year has a fluctuant effect on future annual runoff which was first decreased and then increased.
Variance decomposition
The variance decomposition of annual runoff is shown in Table 4 . The response of annual runoff on runoff, terrace, afforestation, grassing, check dams' construction, and grazing fencing is observed. The runoff seemed to be less exogenous in the system which explained more than 70% of its variance after two years (12 periods). In addition, approximately 30% of the variance decomposition was explained by soil and water conservation in the variation of annual runoff.
In addition to annual runoff itself, the effects of other variables such as precipitation, terraces, afforestation, grassing, check dams' construction, and grazing fencing on The hydrological effect of the same water conservation measures is inconsistent in the long term and has 
a, b).
It can be seen that the variation of annual runoff is the result of multiple factors, and the contribution of each influencing factor to the runoff is different. In general, soil and water conservation measures are the main factors of the variation of the runoff. Moreover, the contributions of terraces, afforestation, grassing, check dams' construction, and enclosed land are different, and the effect on runoff in a period after implementation is variable.
CONCLUSIONS
In this study, the response of runoff to precipitation and soil and water conservation measures (terraces, afforestation, grassing, check dams' construction and grazing fencing) in the Tuwei River basin was investigated by the VAR model. 
